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Morphologic alterations of the proximal tubules in light chain-related
renal disease. Previous studies from our laboratory have shown that
human immunoglobulin light chains (LC) can be toxic to the epithelium
of the rat proximal tubule. To examine the toxicity of monoclonal LC's
in man, II kidney specimens (EXP group) obtained from patients with
monotypical LC-related renal disease (7 lambda, 4 kappa), documented
by the presence of monoclonal LC's in the serum or urine and in the
tissue, were examined by light, immunofluorescence, electron, and
immunoelectron microscopy. This EXP group had monotypical LC
deposition in the tubules and/or the glomeruli and did not have evidence
of intraluminal LC precipitation and cast formation, which alters tubule
morphology. A control group (CON; N = 12) of kidney specimens was
obtained from patients who had proteinuria greater than 2.5 g/24 hr and
mean age (49 4 vs. 59 3 years; P = NS), serum creatinine
concentration (2.4 0.5 vs. 3.2 1.5 mg/dl; P = NS) and creatinine
clearance (65 13 vs. 63 12 mI/mm; P = NS) similar to the EXP
group. All of the EXP specimens demonstrated varying degrees of
proximal tubule damage, manifested by cell vacuolation, desquamation,
loss of the luminal brush border, and, often, coagulation necrosis. The
proximal tubules of this EXP group also had an increase in endocytic
activity and marked activation of the lysosomal system; some of the
lysosomes appeared distorted and atypical. Intralysosomal structures
suggestive of crystals were also occasionally seen. In contrast, the only
morphologic alterations in the CON specimens were increased endocy-
tic activity and an activated lysosomal system in two of the specimens
and mild focal vacuolation in three specimens; atypical lysosomes were
not seen. Thus, those patients with monoclonal LC accumulation in the
proximal tubules developed damage and necrosis. The presence of
atypical lysosomes in the proximal tubules may serve as a morphologic
marker of monoclonal LC-related renal disease.
Monotypical immunoglobulin light chain (LC) deposition in
the kidney has been associated with a variety of lesions that
includes several glomerulopathies [1—8], amyloidosis [8—li],
tubulointerstitial nephropathy [11—13] and acute renal failure
[II, 141. Tubule damage associated with LC's has been sug-
gested for decades, but the pathophysiologic mechanisms have
not been defined, nor has detailed morphologic evaluation of
the proximal tubules been reported. Postulated mechanisms of
tubule damage by LC's include direct cellular toxicity and
intratubular precipitation with subsequent obstruction [13].
Although most authors have favored intranephronal obstruction
as the major cause of the concomitant proximal tubule damage
Received for publication July 20, 1987
and in revised form November 2, 1987
© 1988 by the International Society of Nephrology
and renal failure, DeFronzo and associates [12] demonstrated,
in a group of patients who had multiple myeloma and concom-
itant LC excretion, a stronger correlation between the degree of
renal failure and proximal tubule atrophy than the number of
distal nephron casts. This finding suggests a primary role of
proximal tubule damage in the etiology of the tubulointerstitial
lesion of LC's. In addition, we have shown recently that in vivo
microperfusion of rat proximal tubules with a human kappa
light chain, obtained from a patient with acute renal failure and
multiple myeloma, produced functional and morphologic changes
of proximal tubule, epithelial cell damage [15]. By light, immu-
nofluorescence, electron, and immunoelectron microscopy, we
examined the morphology of the proximal tubules of patients
who have monotypical LC-related alterations in renal tissue
without distal-nephron cast formation.
Methods
Patient population
From 1980 to 1987, kidney specimens of patients with docu-
mented, monotypical LC overproduction were collected for
evaluation. Specimens were selected for examination if mono-
typical LC's were demonstrated in the serum or urine and in the
glomeruli and/or interstitium, but no distal nephron casts were
present, and there was no history of nephrotoxin exposure
(including radiocontrast material) in the month prior to the
sampling of renal tissue. Eleven specimens fit these criteria and
were included in the experimental (EXP) group. During the
same time period, a control group (CON) was formed from
kidney specimens of 12 patients who had at least 2.5 g urinary
protein excretion per day and no monotypical LC excretion or
deposition in the renal tissue. The clinical diagnoses were made
by the patients' attending physicians.
Tissue preparation
Control and experimental kidney specimens were prepared in
similar fashion. Tissue for light microscopy was fixed in 10%
formalin or Carson Millonig's fixative (pH 7.2), embedded in
methacrylate or paraffin, sectioned, and stained with hematox-
ylin and eosin, periodic acid Schiff (PAS), trichrome, and
methenamine silver. Approximately 16 sections were examined
from each case. Specimens for immunofluorescence studies
were submitted in Michel's Transport Medium fluid (Fisher
Co., Atlanta, Georgia, USA) and subsequently frozen, sec-
tioned and stained for IgG, IgA, 1gM, Cl, C3, C4, fibrinogen,
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Table 1. Characteristics of the experimental population at the time of biopsy
Urine!
Gender serum Tissue
F
M
M
L L
K K
K K
Cr Cr
mI/mm mg!dl
L 8.9 82 0.9
K 0.2 23 4.3
L 5.6 29 1.8
L 3.2 112 0.8
L 2.2 88 1.5
L ND 2 18.0
K 3.2 ND 1.9
6.5 60 1.8
2.8 29 1.5
6.0 100 1.6
L 18.9 106 1.2
Case Age
Urine
protein Ccr Cr Glomerular
no. yr Gender g/24 hr mi/mm mg/dl lesion
albumin, kappa LC's, and lambda LC's utilizing polyclonal
antibodies (Accurate Chemical and Scientific Corp.
(Dakopatts), Westbury, New York, USA). Positive and nega-
tive standards were processed simultaneously with the tissues
to verify the validity of the immunofluorescence staining tech-
nique. For electron microscopy study, fresh samples were fixed
in either 2% glutaraldehyde, pH 7.3, or Carson Millonig's
fixative, p1-I 7.2, followed in some instances by post-fixation in
1% osmium tetroxide (Electron Microscopy Sciences, Fort
Washington, Pennsylvania, USA) and embedding in either
araldite/epon resin (Electron Microscopy Sciences) or L.R.
White resin (Polysciences Inc., Warrington, Pennsylvania,
USA). Thick sections of the plastic-embedded material were
stained with toluidine blue (Fisher Scientific Co., Fair Lawn,
New Jersey, USA). The ultrathin sections of tissue were
post-contrasted with aqueous uranyl acetate and lead citrate
(Fisher Scientific Co.). Sections that were embedded in the
L.R. White resin were not post-fixed. After fixation, they were
washed briefly in Tris buffer, pH 7.6, and were blotted. They
were then processed through several solutions of increasing
concentrations of ethyl alcohol: 15 minutes in 60%, 15 minutes
in 80%, and 20 minutes in 95% (2 exchanges). In order to avoid
excessive shrinkage, the tissues were also incubated in a 2:1
mixture of L.R. White/95% ethanol for one hour at room
temperature. Following these procedures, the specimens were
blotted and infiltrated with pure L.R. White resin overnight at
4°C. The tissues were then incubated for one hour in fresh resin,
allowing further infiltration of the tissues, and the resin was
polymerized over 18 to 24 hours at 50°C (temperatures greater
than 60°C were avoided). The specimens were examined with a
transmission electron microscope (Model H-600, Nissei Sangyo
America, Ltd., Hitachi Scientific Instruments, Tokyo, Japan).
Tissue for immunoelectron microscopy was prepared using
two indirect, immunogold staining procedures that utilized
similar methodologies [7, 16, 17]. In the first method, osmicated
ultrathin sections in the araldite/epon resin were cut from the
block and collected on uncoated 300 mesh nickel grids (Elec-
tron Microscopy Sciences) and dried overnight at room temper-
ature. Grid-mounted sections were etched in 10% hydrogen
peroxide for 10 minutes, washed with distilled water for five
minutes, and then incubated at room temperature in normal
goat serum (Vector Laboratories, Inc., Burlingame, California,
Type of light chain
F
M
Case
no.
2
3
4
5
6
7
8
9
10
II
Urine
protein
g/24 hr
L
K
Age
yr
52
72
50
56
50
66
56
64
71
44
64
L
L
L
K
M
M
M
M
M
M L
Glomerular Clinical
lesion diagnosis
NONE MM
NDL LCDD
AM AM
AM AM
MP MM
NONE MM
AM AM
AM AM
MEM LCDD
MEM LCDD
AM MM
SIEP
L
lgG-K
N EG
NEG
lgG-L
lgG-L
N EG
NEG
NEG
N EG
lgA-L
Abbreviations are: Cr, serum creatinine concentration; Ccr, creatinine clearance; ND, not done; NDL, nodular glomerulopathy; AM,
amyloidosis; MP, membranoproliferative glomerulopathy; MEM, membranous glomerulopathy; MM, multiple myeloma; LCDD, light chain
deposition disease; SIEP, serum protein immunoelectrophoresis; NEG, normal electrophoretic pattern.
Table 2. Characteristics of the control population at the time of
biopsy
Table 3. Morphologic alterations of the proximal tubules of the
control group
1 31 F 7.9
2 57 M 2.7
3 64 M 2.8
4 63 M 11.8
5 46 M 8.8
6 66 F 9.6
7 50 M 9.0
8 30 F 13.6
9 63 F 15.6
10 41 M 3.4
II 22 M 23.9
12 60 F 9.6
ND 0.7 NIL
50 4.0 MP
49 1.1 MEM
16 5.0 NIL
142 1.0 MEM
45 1.2 MEM
35 5.0 FGS
126 0.9 NIL
23 4.5 DGS
70 1.7 DGS
40 3.0 FGS
122 0.7 MEM
Case Interstitial
no. fibrosis Vacuolation
0 +,F
2 ++,D 0
3 ++,D 0
4 0
5 0 0
6 +i-,D +,F
7 ++,D 0
8 +,D 0
9 ++,D 0
10 +,F 0
II 0 0
12 0 0
Fragmentation! Coagulation
desquamation necrosis
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
o 0
0 0
Abbreviations are: Cr, serum creatinine concentration; Ce,., creati-
nine clearance; ND, not done; NIL, minimal change lesion; FGS, focal
glomerular sclerosis; DGS, diabetic nodular glomerulosclerosis.
0, not present; +, mild; ++, moderate; +++, severe. F, focal; D,
diffuse.
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Fig. 1. Representative light microscopic appearance of the proximal tubules of the CON group. Despite high intraluminal concentrations of
proteins other than monotypical light chains, the morphology is normal. A (case 8) demonstrates a normal-appearing lining epithelium of the
proximal tubules with intact microvillus borders (arrows) (hematoxylin and eosin stain (H&E), magnification x500). B (case 12) shows a higher
magnification of a proximal tubule with an intact brush border (arrow) (H&E, x900). C (case 1) also demonstrates a normal brush border (curved
arrow) (H&E, x900).
USA), 1:30 dilution in 0.05 M Tris-buffered saline (TBS), for 30
minutes. The grids were then incubated with polyclonal anti-
bodies to kappa and lambda LC's (Accurate Chemical and
Scientific Corp.), 1: 1000 to 1:2000 dilutions in TBS, for 48 hours
at 4°C, and then washed twice in TBS and once in TBS that
contained 1% BSA, for 10 minutes each. The grids were then
incubated for one hour at room temperature in gold-labeled goat
anti-rabbit IgG serum (Janssen Pharmaceutica N.y., Beerse,
Belgium), 1/15 dilution in 0.02 MTBS containing 1% BSA, pH
8.2, The samples were again washed twice in TBS and twice in
distilled water, 10 minutes each. The sections were counter-
stained with uranyl acetate and lead citrate. The second indi-
rect, immunogold staining technique used tissue that was fixed
in the Carson Millonig's solution and embedded in the L.R.
White resin. This method was very similar to the first, except
that the tissue was not osmicated and was not etched with
hydrogen peroxide. In addition, the tissue was incubated with
polyclonal antibodies to kappa LC and lambda LC, 1:1000
dilution in TBS, for 16 hours. In both procedures, to ensure the
specificity of the primary antisera, suitable positive and nega-
tive control sections were run simultaneously with the kidney
sections.
Statistical methods
All values are expressed as mean SEM. Results were
analyzed using the unpaired t-test with statistical significance
set at the 5% level.
Results
Patient populations
At the time of kidney biopsy, mean ages (59 3 vs. 49 4
years; P = NS), creatinine clearances (63 12 vs. 65 13
mI/mm; P = NS), serum creatinine concentrations (3.2 1.5
a N
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a
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Fig. 2. Two specimens from the EXP group, showing vacuolation of the proximal tubule epithelium. A is from case 3 (H&E, magnification x500).
B (case I) also shows early fragmentation and desquamation (arrow) of the lining epithelial cells (H&E, x500).
vs. 2,4 0.5 mg/dl; P = NS), and urine protein excretion (5.8
1.7 vs. 9.9 1.7 g/24 hr; P = NS) were not different between
EXP and CON groups, respectively (Tables I and 2). Clinical
diagnoses in the EXP group included multiple myeloma (4
patients), light chain deposition disease (3 patients), and amy-
loidosis (4 patients).
Kidney morphology
Nine patients in the EXP group had monotypical LC-related
glomerulopathies manifested morphologically as nodular (NDL;
N = 1), membranoproliferative (MP; N = I), membranous
(MEM; N 2), or amyloidosis (AM; N 5). Two patients
(cases I and 6) had acute tubular necrosis only (Table I). No
specimen had casts in the distal nephron. In the CON group, the
patients had minimal change disease (NIL N = 3), MEM (N
4), MP (N = I), focal glomerular sclerosis (FUS; N = 2), and
diabetic nodular glomeruloscierosis (DGS; N 2; Table 2).
On light microscopy, nine CON specimens showed normal
tubule morphology, while the remaining three had mild focal
vacuolation of the proximal tubules (Table 3). No evidence of
cell desquamation or tubule necrosis was found (Fig. 1). In
contrast, the proximal tubules of all of the EXP specimens
demonstrated morphologic changes of damage, including vacu-
olation (Fig. 2A, 2B, and 3A), desquamation of cells and cell
fragments into the lumen of the tubule (Figs. 2B, 3A, and 3B),
and often coagulation necrosis (Fig. 3B). In some specimens,
this damage appeared to be focal, while in others it was diffuse
and severe (Table 4). In two patients (cases 1 and 6), proximal
tubule damage was associated with normal-appearing glomer-
uli.
With electron microscopy, there was an increase in endocytic
and lysosomal activity in two of the specimens from the CON
group, but no atypical lysosomes were identified. No morpho-
logic evidence of tubule damage was seen. The brush borders of
the proximal tubules were unaffected by the presence of high
concentrations of protein in the tubule lumen (Fig. 4A). Elec-
tron microscopic examination of the EXP group again showed
evidence of tubule damage, including vacuolation, loss of the
luminal brush border with apoptosis, and desquamation of cell
fragments (Fig. 4B, 5A, and 5B). Thus, both light and electron
microscopy showed tubule damage in the EXP group but not in
the CON group. Finally, in every specimen that had been
exposed to monotypical LC's, there was marked activation of
the lysosomal system of the proximal tubules. Some of the
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Fig. 3. Lightphotomicrographs of specimens from the EXP group. A (case 7) demonstrates flattening of the lining epithelium and segmental
vacuolation of one proximal tubule (straight arrow) and vacuolation and cell desquamation of another tubule (curved arrow) (H&E, x500). Note
the mitotic figure in another epithelial cell (arrowhead). B (case 7) shows desquamation and frank coagulation necrosis (curved arrow) (H&E,
'<500).
Table 4. Morphologic alterations of the proximal tubules of the
experimental group
Case
no.
I
Interstitial
fibrosis
0
Vacuolation
+++, D
Fragmentation!
desquamation
Coagulation
necrosis
+++, D +++. D
2 +, D +++, D +++, F +++. F
3 +, F +++, D +++, D ++, F
4 0 ++, F +++, D ++, F
5 +, F ++, F +++, D ++, D
6 ++, F ++, F +++, D +. F
7 +,D +, F ++.D +,F
8 +, F ++, F +-1-+, D ++, F
9 0 +, D +++, D +++, D
10 ++, F ++, D ++, D +, F
lysosomes appeared markedly enlarged, distorted and atypical
in appearance (Fig. 4B); these changes were not seen in the
control tubules that were exposed to high intraluminal concen-
trations of proteins other than monoclonal LC's. Intralysoso-
mal structures suggestive of crystals were also seen occasion-
ally (Fig. 4C).
With immunoelectron microscopy, monotypical LC deposi-
tion was localized in the lysosomes of the proximal tubule cells
(Fig. 6A, 6B, 7A, and 7B) and in the glomeruli, adjacent tubular
basement membranes, vascular walls, and/or the interstitium.
The location and type of the LC's correlated exactly with that
identified by immunofluorescence microscopy. The type of LC
found in the renal tissue also correlated with the type of LC
found in the urine or serum (Table I). Immunofluorescence
microscopy of the CON patients did not demonstrate monotypi-
cal lambda or kappa LC's in the glomeruli or tubulointerstitium.
Discussion
This study shows that in patients with monotypical light
chains (LC), accumulation of LC in the cells of the proximal
tubules was associated with morphologic alterations consistent
with cell damage and necrosis. Cellular damage occurred with-
out distal nephron cast formation and with either monotypical
lambda or kappa LC's, and was present in all patients in various
degrees. Activation of the lysosomal system and atypical lyso-
0, not present; +. mild; ++, moderate; +++, severe. F. focal; I),
diffuse.
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Fig. 4. Comparison of electron ,nicrographs of proxi,nal tubules of the CON and EXP groups. A (case II of the CON group) shows a
normal-appearing tubule with an intact microvillus border (uranyl acetate and lead citrate. x 10,000). B (case 5) demonstrates focal loss of the
luminal microvillus border with blebbing (straight arrow), and activation of the lysosomal system with some of the lysosomes appearing atypical
(curved arrow); vacuolation is also present (uranyl acetate and lead citrate, x9,000). C shows a higher magnification of one of the atypical
lysosomes which also appears to contain structures resembling crystals these atypical lysosomes were unique to those tubules exposed to
monotypical LC's (uranyl acetate and lead citrate. x20,000).
somes were also present in the proximal tubules of all of these
patients. In contrast, with the exception of activation of the
lysosomal system in the proximal tubules of two of the controls
and mild vacuolation in three specimens, none of these findings
was demonstrated in the twelve kidney specimens that were
exposed to high intraluminal concentrations of proteins other
than monotypical LC's.
Tubulointerstitial nephropathy and acute renal failure may
develop from LC proteinuria 111—14]. In these lesions, proximal
tubule damage occurs, but usually multiple distal nephron casts
are concomitant findings [11—131 and could produce proximal
tubule injury from intranephronal obstruction. In the present
series, every EXP specimen had evidence of proximal tubule
damage without cast formation in the distal portion of the
nephron. Proximal tubule damage in the absence of distal
nephron obstruction suggests that LC's are directly toxic to the
proximal tubule epithelium. Morphologic examination of the
proximal tubules of six cases of the typical cast nephropathy. or
"myeloma kidney", also demonstrated lesions very similar to
that of the proximal tubules of the EXP patients, including
vacuolation, desquamation. and necrosis. i'hese changes were
more severe and, in addition, the proximal tubules were dilated
and atrophic and cast formation was prominent in the distal
nephrons. Thus, certain LC's produce predominantly glomeru-
lar and/or proximal tubule cell damage while others are filtered
and precipitate, forming intraluminal casts and tubule obstruc-
tion (Fig. 8). Some LC's are not nephrotoxic even though they
are excreted in high concentrations [IS]. 'I'he observation that
different renal lesions develop with LC proteinuria is consistent
with that reported by Hill and associates 119] and probably
depend, to a considerable extent, on the physicochemical
composition of monotypical LC. The role of proximal tubule
injury, which may facilitate intraluminal precipitation of LC's
by increasing their delivery to the distal nephron. is not proven
(Fig. 8).
In a series of experiments that involved in vivo microperfu-
sion of rat ncphrons with a human kappa LC, we produced
acute proximal tubule damage manifested by a time-dependent
decrease in water and glucose absorption and morphologic
changes that were identical to those described above, including
cell vacuolation, desquamation and loss of the luminal brush
border. The lysosomal systems of those proximal tubule cells
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 Fig. 5. With electron microscopy, desquamation of cell fragments (curved arrow) is demonstrated in the proximal tubules of case 5 qf the EXPgroup A, uranyl acetate and lead citrate, x 10,000; B, uranyl acetate and lead citrate, >< 13,000). Loss of the luminal microvillus border can alsobe appreciated in both electron micrographs. These findings were not observed in the CON group.
Fig. 6. Imtnunoelectron microscopy, using anti-lambda antibodies attached to colloidal gold, showing localization of inonotypical lambda light
chains (black dots) to the endolysosomal system of the proximal tubule cells of case 3 (A, uranyl acetate and lead citrate, )< /3,000; B, uranyl
acetate and lead citrate, X20,000).
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Fig. 7. Panel A isa high magnification immunoelectron micrograph that demonstrates localization of monotypical lambda light chains (black dots)
to the lysosomnal system of the cells of the proximal tubule of case 4. The mitochondria appear abnormal, hut do not label with the anti-lambda
antibody (uranyl acetate and lead citrate, x18,500). B shows an immunolabeled (black dots) cell fragment found in the lumen of the proximal tubule
(uranyl acetate and lead citrate, x 18,500).
MONOTYPICAL LIGHT CHAINS
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FILTRATION
PROXIMAL TUBULE
INJURY! FRANK NECROSIS
DECREASE/ LIGHT CHAIN1 ABSORPTION INTRALUMINAL
LIGHT CHAIN
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were markedly activated and some of the lysosomes were
distorted and atypical in appearance; localization of the LC to
the lysosomal system was demonstrated [15].Thus, the present
study shows that these phenomena occur in man also, con-
firming the concept that monotypical LC's may be directly toxic
to the epithelium of the proximal tubule in man.
Another ubiquitous finding in the EXP group, but not seen in
the CON group, was the presence of markedly atypical lyso-
somes (Fig. 4B, 4C, oB, and 7A). Thus, these atypical lyso-
somes may serve as a marker of monoclonal LC excretion since
they did not occur in the setting of proteinuria that consisted of
proteins other than monoclonal LC's. If electron microscopic
examination of the proximal tubule demonstrates atypical
lysosomes, a careful search for monotypical LC excretion!
deposition is warranted.
How LC's damage the epithelium of the proximal tubule is
uncertain at present. Although dimeric and polymeric forms of
LC's have also been described 120], LC's circulate mostly as
monomers (about 24,000 daltons). The glomerular sieving coef-
ficient of the dimer is about 7%, while filtration of the mono-
CELL FRAGMENTATION,
DESQUAMATION
INTRATUBULAR
OBSTRUCTION
RENAL FAILURE
Fig. 8. Schematic of proposed pathogenetic
mechanisms of tnonotypical light
chain-related renal diseases.
"tt 'J
-a...eL-JY7 •—
%
fj',.
a V A
Sanders ci a!: Proximal tubule damage from jig/it chains 889
merle form is much less restricted [21]. The proximal tubule is
the major site of reabsorption and catabolism of these and other
filtered, low molecular weight proteins [22]. Normally, these
processes occur without tubular injury; in our series of control
tubules exposed to high concentrations of proteins other than
LC's, morphologic evidence of tubule damage was not seen.
However, in the setting of monoclonal LC proteinuria (EXP
group), exposure of the tubules to monotypical LC's produced
lysosomal activation, atypical lysosomes, and toxicity. Immu-
noelectron microscopy showed localization of the LC's in the
endolysosomal system. These results suggest that absorption of
monotypical LC's damaged the proximal tubules via derange-
ment or overload of the lysosomal system.
In conclusion, we have demonstrated that monoclonal LC
deposition can be toxic to the epithelium of the proximal tubule
in man. Damage to the proximal tubules has not been empha-
sized in published series of glomerular lesions associated with
monotypical LC deposition, but it is apparent that this injury
contributes to the overall compromise of renal function that
occurs in these patients and may serve as the sole contributor in
some cases of LC-related renal disease (cases I and 6). Renal
biopsy is helpful in defining the site or sites of damage in
patients with suspected LC-related renal damage.
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